Experiment BT-2B: Series and Parallel LEDs

Equipment Required

PC or Mac Computer

IX-TA-ROAM recorder, USB cable, power supply
A-BMET-B BMET Trainer Board

C-DIN-BB DIN to Breadboard Cable

C-BNC-BB BNC to Breadboard Cable
A-BMET-EC Electronic Components Set

Jumper Wires

Setup

1. Connect the C-DIN-BB Cable to port A5 on the TA-ROAM. Use extender cables for the yellow
and brown leads.

2. Connect the C-BNC-BB Cable to the S1 (LV Stimulator) portion the TA-ROAM.

iWorx TA-ROAM

SNG ga.

Figure BT-2B-S1::X-TA-ROAM, C-DIN-BB cable (port A5), C-BNC-BB cable (S1).
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Experiment BT-2B: Series and Parallel Diodes
Background

The previous lab introduced parallel and series circuits but focused on the math behind it. Taythis lab,
students will gain a better intuition for how power and current are distributed through these circuits.
They will do so by observing how changes in parallel and series circuits affect the brightness of LEDs.

Students should reference Lab 2A Series and Parallel Circuits when needed.

Theory
1. Diodes

Diodes are components that only let current flow one way, and they havealmost no resistance. In this
lab we will be using Light-Emitting Diodes, or LEDs, which you are probably familiar with. They are
represented by the symbol in Figure 1.

D

Figure 1. Diode symbol

Every diode has two terminals:

Anode (+): Current enters the diede through the anode during normal operation.
Cathode (—): Current leaves the diode through the cathode. On most LEDs, the cathode is identified by
the shorter lead and the flatedge of the LED package.

For a diode to conduct/curtent, the anode must be at a higher voltage than the cathode. This is called
forward bias. If the diode is connected in the opposite direction (reverse bias), it blocks current and the
LED will not light.

2. Resistors

In any diodes cireuit, resistors are an essential component. This is because diodes have almost no
resistance themselves, so they act as short circuits. When high voltage is applied, short circuits can
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cause massive current surges that can damage a circuit, so it is important to avoid them by adding some
source of resistance. As a result, you will always see diodes used in series with resistors.

3. Power in Series vs Parallel

LEDs can demonstrate an interesting property of power in series and parallel circuits, Stemming from
the fact that power is what makes circuits run. By looking at how bright an LED gets, we can tell how
much power is in it.

Remember that for components in series, the total voltage in series is a sum. This ' mean$ that when we
place LEDs in series, they each get a fraction of the total voltage, so by adding more LEDs, we make
them all dimmer.

On the other hand, components in parallel all share the same total'veltage. Thetefore, if there are LEDs
in parallel, then adding more in parallel will not change the brightnessisincethey all still have the same
voltage.

Pre-Lab Questions
1. What are the two terminals of a diode, and how can you identify the cathode of a typical LED?

2. What must be true about the voltage at thesanode and cathode for an LED to conduct current
and produce light?

3. Why is a resistor typically connécted in series with an LED? What could happen if an LED
were connected directly across'apowersupply without a resistor?

4. Iftwo identical LEDs are connected in series with a fixed-voltage power supply, how would
you expect their brightness to comparéwith a single LED connected to the same power supply?
Explain why.

5. If two identical LEDs/are connected in parallel with a fixed-voltage power supply, how would
you expect their brightness to compare with a single LED connected to the same power supply?
Explain why.

6. Three identical LEDs\are connected in series. If one LED is removed from the circuit, what do
you predictgwill happen to the other two LEDs? Explain your reasoning.
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Experiment BT-2B: Series and Parallel Diode Circuits

Exercise 1: Power in Series vs Parallel
Aim: To compare how power operates in series versus parallel circuits.

Approximate Time: 30 minutes

Procedure

1. Locate circuits C and D of your board as shown in Figure BT-2A
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Figure BT-24-S1: Circuits Cland D from BT Trainer Board.

o

ecting diodes in your circuit, make sure to connect the anode (longer end)
ge. If the LED is connected in reverse, it will not light.

2. Place LEDs a
backgroundssec

DC2, DD2, and DD3. Place 1 kQ resistors at RC and RD. Reference the
ove to see why resistors are needed in the LED circuits.

Important: Wh
closest to the in
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3. Focus on the top circuit (Circuit C). Use the C-BNC-BB cable to supply power and ground to
the circuit.

a) Connect the red lead at INA.
b) Connect the black lead to one of the GND pins in the Inputs section.
4. In LabScribe, press the red REC button to supply 5V of power to the circuit.
Note: Voltage will not be recorded in LabScribe during this lab, so the C-DIN-BB cable‘is,not required.
5. Observe the brightness of your Series LEDs.
6. To stop the supply of power, press the black STOP button.
7. Repeat the procedure for the Parallel LEDs in Circuit D by moving the ted pin to IND.

8. Observe the brightness of your Parallel LEDs.

Questions

1. In which circuit do the LEDs appear brighter? Use the concepts of power and current in your
explanation.

Exercise 2: Open Circuits in Series vs Parallel
Aim: To compare how removing a component affeets power.

Approximate Time: 30 minutes

Procedure
1. Continue using Circuits C and D.
2. Use the same setup.as Exercise 1, but add a short at DD1.

3. In LabScribe, press the red REC button to supply 5V of power to Circuit D. Observe what
happens.

4. Now add amiLED at DD1. You should now have five LEDs on the board.

5. Providea$V input to Circuit C. Remove one diode and observe what happens.
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6. Now provide a 5V input to Circuit D. Remove one diode and observe.

7. Press the black STOP button in LabScribe to stop the supply of power to the circuit.

Questions
Note: If you get stuck, look back at Lab 2A: Series and Parallel Circuits.

1. When you removed an LED from Circuit C, what happened to the remaining LEDs? How does
the flow of current through the circuit explain this?

2. When you removed an LED from Circuit D, what happened to the remaining LEDs? How does
the flow of current through the circuit explain this?

Post-Lab Questions

1. What would happen to the circuit if resistors were used instead of LEDs? How would the
voltage and current behave in the series and parallelbeconfigurations?

2. [If a third identical LED were added to the series'€ircuit, what would you predict would happen
to the brightness of the LEDs? Explain your reasoning.

3. An LED is connected backward in a circuit, Whatido you predict will happen, and why?
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